A METHOD FOR PRODUCI NG BI ODI ESEL FI ELD OF THE | NVENTI ON 5Thi s i nvention
relates to a nethod for producing biodiesel. Mre particularly, this
invention relates to a nethod for producing biodiesel using air bubbling
and addi ng an al cohol/catalyst mx at a controlled rate to an oil source to
i ncrease the production AMETBODR FORPBNARIIESING RIOBAEREROUND General ly, a
transesterification reaction of vegetable oil and aninmal fat is carried out
in the presence of an al cohol and a catalyst. The reaction can be a

base- cat aFiEldb OFRBHEIINVENTION aci d- cat al yzed reaction. In nost cases, a
base-catal yzed reaction is 15 enployed as it is the nost econom cal process
for treating straight vegetable oils, requiring only a relatively | ow
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into biodiesel. Conventional nethods of biodiesel production utiliZe el t her

a batch r Eweptien mlaigs to prpathod donpiedurige bisdigseliusing aie bpbblinasand adging dnc e
bi odi esel I I

react or  uZo e SRV, i AR BN RABS ot PSS 1 obitsR TR ucho b
shear i n-pfthe hiedieselr uses static high shear mixing to mx the reactants.
Bat ch process reactions are usually easy to control but are often cost
ineffective due to ineffective m xing nethods and | ong reaction tines.

Cont i HuouBATHBROMNRBSs whi ch use high shear reactors are able to reduce
reaction time but they are usually very energy intensive, that in turn,

i ncreases the production cost. Another known nmethod used in the production

of bi odi eGehetafily! A®ranbéstasfiitionreaction oMRigaeshle bl ahlli#himBl 120 cdrR&d out in
ultrasoni ¢ waves cause intense nm xing so that the 30 reaction can proceed
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using ultr scale processi ng

many uItra$aumdnmmmﬁaﬁnmdmbdebd needed to reach every area of t he react ant
m Xt ure. It is, therefore, desirable to provide a nmethod for producing
bi odi esel in a cost effective 5manner and at a faster rate. SUWARY OF

| NVENTI ONCoheerftiondbematitbdat dfdiiodiesdl ppaduciion @miky efthans batthadusids r kbh dlﬂi‘&- art
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source and an al cohol have localized reaction int resence
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ineffective due to ineffective mixing methods and long reaction times. Continuous
25  processes which use high shear reactors are able to reduce reaction time but they are
usually very energy intensive, that in turn, increases the production cost.

-Another known method used in the production of biodiesel is the ultrasonic reactor
method. In this method, the ultrasonic waves cause intense mixing so that the
30  reaction can proceed at a much faster rate. Ultrasound transfers energy into fluid and
creates violent vibrations, which form cavitation bubbles. As the bubbles burst, a
sudden contraction of the fluid occurs, and the reactants are mixed in the area of the
bubbles. This method can be a good choice for small producers who may only need

one or two ultrasound probes per reactor vessel. However, using ultrasound in large-



15 nmethod in accordance with this invention is that the nethod reduces the
time required to separate the biodiesel and glycerol forned fromthe nethod
by using air bubbling to aid in the phase separation process. In accordance
wi th an enbodi nent of this invention, the nmethod conprises feeding an 20
0i | sour cecdl8tgrodedstf an bt athelledtiag obdcatrur wany ulfrissunde piobds wodldabe
bubbl es are introduced into the reaction tank at a predeterm ned rate. An
al cohol / cRegSAIe repgh pyery @eryof thedepsant @atYi€on tank at a controlled rate
for transesterification reaction to take place. The main products produced
by the nmethod are biodiesel and glycerol. As the reaction progresses, the
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| ower pha i erol and an upper phase of biodiesel. The
biodiégelﬁﬁ@ﬁgﬂgﬂaéggggﬁ?géﬁgronlthe reaction tank and the glycerol is

w thdrawn fromthe reaction tank. In sone enbodi nents of this invention,
the air b i into the reaction 30 tank through an
aerator. $W@M§EBPM§&% stream of individual air bubbles within the
reaction m xture and the stream of individual air bubbles circul ates inside
the reaction tank. I n me ot her enpodiments of this inventiagn, the
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mx is introduced at a point proximte the stream of individual air

bubbl es. accordance withHbis iexedinmbas she pdvantage f daerearingtedestionoiaielasd are

i ntroduced. | i i t : el ;
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di sposed ahgve t | Quer, . f.al Oly. | EF P OF
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are descr mithod m advardarideonitinthis eivanti@disdtbst thephiethodarduassethehtiona réquitdde

followi ng,drawings; Figyre 1 illustratin | anar vi of .an exanpl e of an
ner ator ¢ KPSt e s spHavReraidar R Reufdnetor s Alet HBRIT R

Figure 2 ipid iﬁqﬁéghgwsajd?bﬁ&aﬁm‘c@gg_t view of an exanple of a reaction tank
that can be 20used in the nethod in accordance with the invention; Figure 3

illustrating a side view of the reaction tank as shown in Figure 2; Figure
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25 Figure ustrating a top view of e reaction tank as shown in“Figure
2. DESTRI PiflsoNra@Finteia tadetin Itank. 30iecoip sedwet isi thee rhgaded,randesbubbles atst hod

veger abl o Uk sk Teaeiy BK' 25 BRRIRengl Ber S ol BRGNS Ry g
wi t h an alagdédlinto nthé hkeaqgtivatenic at afcoatrobgdhtats tfor transesterification reaction {o take
place. The main products produced by the method are biodiesel and glycerol. As the
reaction progresses, the heavier glycerol settles at the bottom of the reaction tank
25 forming a lower phase comprised of glycerol and an upper phase of biodiesel. The
biodiesel is then recovered from the reaction tank and the glycerol is withdrawn from

the reaction tank.

In some embodiments of this invention, the air bubbles are introduced into the reaction
30 tank through an aerator. The air bubbles form a stream of individual air bubbles within
the reaction mixture and the stream of individual air bubbles circulates inside the

reaction tank.

In some other embodiments of this invention, the alcohol/catalyst mix is introduced

35 into the reaction tank through an inlet provided at an upper end of the reaction tank.



The vegetable oils can be one selected froma group conprising straight
vegetabl e oil and waste vegetable oil. The strai ght vegetable oil may

i nclude, but not limted to, palmoil and soybean oil. 5 The al cohol can be
one selected froma group conprising nethanol, ethanol, propanol, and other

nmonoal kyl G el R0l o L ‘
acidic or T@Ssi C. ogﬁ?g[@;ﬁglf gﬁ)ggjt 'gf?g?éé I ncl ngtﬁ a?‘?teng];g;? rﬁ%?@%\gg@%ﬁﬁ as
sodi um or bgBPlgssi um hydr oxi de, and aci di c compositions such as sul furic
acid. 10Preferably, sodium hydroxide is used. In one enbodi nent of the
invention, the vegetable oil or animal fat is first fed into a reaction

t ank. Thelifurther emboidendrite rnfhihig duvemtiadutie airf babbles et @itfoeuaédinigtot thad
tenperat ure. of between 55C t 5G. and this tenperature i s maintained
t hr‘oug%ouie%%f)ﬂzar?%\@csﬁp@ﬁ%e/@e EW@'%efaB‘? h}eag!yﬁg%ro eated fromroom

tenperature, air bubbles are introduced into the reaction tank at a
predeterm ned rate. The air bubbles are _introduced into the reaction tank

by an aer gpme gther ergRedimestis gt Fipinvention.tthe ragthad Jurtherseeptisas edingtingrhe
aerator i gaprbemaht ¥f ihecair8@r alich eidtame %Bpatﬁpisoéisﬁc;?edrﬁﬁﬁfe' {8 |6®§#<ghé§e1hef
d. T as ma

sui tabl e | ocations nmay al so be consi dered. e aerator severa
openi ngs €AMPLEed @holveeral.r flows into the reaction nixture in the reaction
t ank air bubbles. The aerator nay be of various shapes and sizes, such

as a disc, tube and plate. The exact size and shape of the aerator being a
desi gn t hBRIGEPESGRIRTION Of THEDRAWINGS i ncl udi ng t he shapes and sizes of
the reaction tank 25 used. In one exenplary enbodi nent of the invention,
the aerator is a tube having plurality of openings that are arranged in a
ci rcul ar Tharahovasardepinet advarmtagegahd féaturde of Kiib liention t4re duiskrided in the
recogni ze tlhat oé%gr%cigi t apl e coafi urati ons may be used w t hout departing
from i nveflioHINg detailed descrivlinn agd ase sbawpin thefollewinogirawingsef t as a desi gn
choicg for those skilled in the art. 30 The size of the openings of the
aerator ig dependent on the size of air bubbles to be introduced into the
reaction Rigweddliustiedingcaplppar vinw ofi areexampleeof @reatnatpr that ¢an beesedingtheof
1.0 mm or ; JuEResi tAgs provided on the aerator may vary
accordi ngrdto t @é\/@é&l%lrme Oﬁﬁt%lﬁ@egﬁfé}{éfraﬂf at added to the reaction tank and
the size of the reaction tank. In all cases, the nunmber of openings
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al cohol /catalyst mx is added to the reaction tank at a controlled rate to
forma reaction mxture for transesterification reaction to take place. The
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Figure § illustrating a top view of the reaction tank as shown in Figure 2.

DESCRIPTION OF THE INVENTION

30 The present invention relates to a method for producing alkyl ester, otherwise known
as biodiesel, by reacting vegetable oils and/or animal fats consisting essentially of
triglycerides with an alcohol in the presence of a catalyst.



15 al cohol /catalyst mx to be added to the oil or fat is dependent on the
anount of the oil or fat used in the nethod. The anount of the

al cohol / catal yst m x added per unit tine is dependent on the total anount
of the alcohol/catalyst mx required to carry out the transesterification
reaction afé JdiRiMELADBak b%n@cﬁ?ﬁéﬁi@djfr%ﬁf a Tgﬁﬂﬁi é&ﬂ?@ﬁﬁ@%trﬁigﬁ@%é’élaﬁ!%a&“ on
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reaction tpc?ﬁrﬁ An% ggéﬁf%hthe rate of introducing the air bubbles into the
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reactipn xture Weffec ive and reaction to t pl
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reaction mxture. This wll adversely affect the m xing and reaction
conditions. 30The rate at which the air bubbles are introduced into the
reaction tiyakcdthigit B badeiditadShdstc. abLigaw|é katadsts méhl?ieeélkélpnfe%rﬁyaré&&&@m
of indivi dual air bubbles in the reaction mxture and to circulate insid

the react iS9ah @gRJUTher pefapsibanardraxide ANskaddigcognesitions such as snﬁmr&aq:aés to
adherggto Fff@ﬁarf’ cgo\g“gﬂﬂpd@xfdeqﬁgghg Thi's encourages |ocalized reactions
of the oil nol ecufes w't e al cohol in the presence of the

catal yst. The I ocal ized reactions allow transesterification to take place
nore effecgti naddlng
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In adgsti e rbAetion). C MOt ofl ArVat igiheatsd Bopt eoarl tendskiadirdt aift dbLs are
proxi mate the stream of the individual air bubbles to ensure that |ocalized

reaction tRfredused e the reactinn tak 4 a pidefermingth@ted to the 10i ndividual air

bubbl e and the al cohol/catalyst m x. The reaction m xture can conpri se

varying amounts of oil or fat and al cohol. Preferably, the ratio of
strai ght JVdgeainbuiebles larg intrasbiced! intaethe geadtisn taok iyl ari agtatemhofiriflows: flors,a

1:5.0, 1: e
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products of the reactipn include no di esel , . but so h roducts
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order of renoval is process-dependent. |In one enbodi nent t he invention,
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25 used. In one exemplary embodiment of the invention, the aerator is a tube having
plurality of openings that are arranged in a circular manner as depicted in Figure 1.
One skilled in the art will recognize that other suitable configurations may be used
without departing from invention. The exact configuration of the aerator is left as a
design choice for those skilled in the art.
30
The size of the openings of the aerator is dependent on the size of air bubbles to be
introduced into the reaction mixture. Preferably, the size of the openings is in the

range of 1.0 mm or less.



25 the biodiesel, settles at the bottomof the reaction tank formng a

| oner phase, allowng it to be separated fromthe bi odi esel. Biodiesel,
which is | ess dense than glycerol, fornms an upper phase of the reaction

m xture. In conventional gravitational separation nethod, phase separation
can be obs§fV r.ni ettl}ng.
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The air bubddtiongowletehinitise reridtibatatk.at t he begi nning of the process
3500ntj5nued until substantially all the glycerol is separated and settled
at the”bottom of the reaction tank. The air bubbles increase the rate at
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preferred enbodi pent, reaction mxture is allowed to settle in the
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and/ or wagshi ng 1 ? ove inpurities if necessary. Any known net hods of
cl eani ng Eﬁ"aﬁg P ‘f’ 6?‘?’ processes can be enployed. 25In the nethod in
accorztance with the invention, the steps of heating the oil or fat and

introducing the air bubbles into the reaction may occur sinultaneously
bef or e t hbY BFCIABNGS: Witk thye methed jof theyivgntion.tthe rateaat whishtthalair bubbles are
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fat may be heated shortly after the air bubbles are intro
reacti on e@edivertramgestérification aeaction toetakeaplade belf dhe railwoBIMnWthhhe&:ar e
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according to the tenperature of the oil in the reaction tank

rate of a@ffRdidhe mixing @pHsPRetiangasiitionsx may increase as the tenperature of
the oil or fat in the reaction tank increases fromroomtenperature to
bet ween 55C to 65C. A convection current 5created by the heat and the

agi t &0 onThewusted abywhitle theraibubtbbiasgaed lintreduvedointo dhe frabctiond tarke must be

al cohol /Ce?éeaddé?é tg"afflo{:vothrg alram%b Q2 foer];r{c ecét'ré/aer}lyof individual air bubbles in the
reaction mixture and to circulate inside the reaction tank. The individual air bubble
allows oil or fat molecules to adhere to each individual air bubble. This encourages

localized reactions of the oil or fat molecules with the alcohol in the presence of the



The met hod in accordance with the invention accel erates transesterification
reaction by controlling the rate of adding the al cohol/catalyst mx to the
oil or fat and introducing 10 air bubbles into the reaction mxture to
enabl e | ocalized reactions to take place. This allows conplete chem cal
reaction Qg M KidINBediRoRC réRBAE dalidly Arafiisi&iicaRsh o Qéké'asc@%ore

i ncreases the conversion rate of the ol or fat 1nto al kyl esters

bi odi esel yeffevtivelyrand gus if turnsereduges theoprodyctionséni- cont i nuous process in
that glycerol is separated 15 fromthe reaction m xture as the reaction
progresses. The glycerol is wthdrawn fromthe reaction tank after the
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aerator is placed. The reaction tank used in the net in accordance wth
the embodiamsHees that logakizegsreactient iaka m!ayesa@e@wem;ﬁh%mik ablfat agdbergd. ta thene
exenphgry ; action tank takes the form as
depi c?gd IWHQ%@QB%QI%EE&%%@%%@ tal& aL 10 may conprise a reaction
chanmber 12, an inlet 16 for introducing the alcohol/catalyst mx into the
reaction anmber 12 at. a contraolled rate and an a ratfo (not, s

i 70,

di sposed at"% K5 S‘IH“HFG (7 CRHIPTESr VA ARG Boras af‘ﬁnélcPHS’
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open end of the conpartnent for introducing the al cohol/catal yst mx into
the conpartnent at a controlled rate. The air bubbling and the injection of
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35 continued uniil substantially all the glycerol is separated and settled at the bottom of



30 m xture. As the reaction progresses, glycerol and biodi esel were
produced. The glycerol settled at the bottomof the reaction tank, formng
a | ower phase conprised of glycerol and an upper phase conprised of

bi odi esel ., The phase separation process and the air bubbling continued
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- As the glycerol separates from the reaction mixture and settles at the bottom of the
reaction tank, the level of glycerol at the bottom of the reaction tank increases. Once
the level of the glycerol reaches a level above the aerator, the aerator may be

10 adjusted to a level higher than the level of the glycerol settled at the bottom of the
reaction tank. The adjustment of the level of the aerator in the reaction tank reduces
the aerator disturbance of the settled glycerol by the air bubbles injected into the
reaction tank.

15  In one preferred embodiment, the reaction mixture is allowed to settle in the reaction
tank for phase separation of the biodiesel and the glycerol. In another embodiment of
the invention, the reaction mixture can be transferred to a separate settling tank, which
may also be equipped with an aerator, for phase separation of the biodiesel and the
glycerol. The glycerol, which is separated from the biodiesel, is then withdrawn from

20 the reaction tank and the biodiesel is recovered. The recovered biodiesel can undergo
further cleaning or purification processes, such as filtration and/or washing, to remove
impurities if necessary. Any known methods of cleaning or purification processes can
be employed.

25  In the method in accordance with the invention, the steps of heating the oil or fat and
introducing the air bubbles into the reaction may occur simultaneously before the
alcohol/catalyst mix is added to the reaction tank. Alternatively, these steps may
occur one after another, that is, the oil or fat may be heated shortly after the air
bubbles are introduced into the reaction tank or the oil or fat may be heated before the

30 air bubbles are introduced into the reaction tank, before the alcohol/catalyst mix is
added fo the reaction tank.

in another embodiment of the invention, the steps of heating the oil or fat, introducing
the air bubbles into the reaction tank and adding the alcohol/catalyst mix to the oil or
35 fat at a controlled rate all ocour simultaneously. In this embodiment, the rate at which



Sodi um hydr oxi de 0.01858 0.01858 0.01858 0.01858 Total volume 13.24 13.49
13.74 13.99 TABLE 2 Results SVO to Methanol Mlar Ratio 4.5:15.0: 1 5.5
1 6.0: 1 Time taken for biodiesel to separate (with aeration) 1 hr 25

mns 1 hr the alcohol/catalyst mix is added to the reaction tank may vary. according to the
temperature of the oil or fat in the reaction tank. The rate of adding the
alcohol/catalyst mix may increase as the temperature of the oil or fat in the reaction

tank increases from room temperature to between 55°C to 65°C. A convection current

5 created by the heat and the agitation caused by the air bubbling allow the oil or fat and

the alcohol/catalyst mix to mix and react effectively.

The method in accordance with the invention accelerates transesterification reaction
by controlling the rate of adding the alcohol/catalyst mix to the oil or fat and introducing
10 air bubbles into the reaction mixture fo enable [ocalized reactions to take place. This
allows complete chemical reaction of the mixture to be reached in a shorter period of
time and increases the conversion rate of the oil or fat info alkyl esters (or biodiesel).

The method of the invention is a semi-continuous process in that glycero! is separated

15 from the reaction mixture as the reaction progresses. The glycerol is withdrawn from
the reaction tank after the glycerol is separated from the reaction mixture. The
biodiesel is recovered before the next batch of reaction mixture is added to the
reaction tank. Alternatively, the glycerol produced by the method can be continuously
withdrawn from the reaction tank as the reaction progresses. In this configuration,

20  there will not be a need to adjust the level of the aerator during the phase separation
process as the level of the settled glycerol in the reaction tank will always be lower
than the level where the aerator is placed.

The reaction tank used in the method in accordance with the embodiments of this
25 invention may be of any suitable design. In one exemplary embodiment of the

invention, the reaction tank takes the form as depicted in Figures 2 to 5. The reaction

tank 10 may comprise a reaction chamber 12, an inlet 16 for introducing the

alcohol/catalyst mix into the reaction chamber 12 at a controlled rate and an aerator

(not shown) disposed at the bottom of the tank for introducing air bubbles into the
30  reaction chamber 12.

The reaction tank may also be one that is partitioned into several compartments.
Each compartment is provided with an aerator disposed at the bottom end of the
compartment for introducing air bubbles into the compartment and an injection jet

35 disposed at the top open end of the compartment for introducing the alcohol/catalyst



4 mns 1 hr 15 mns 1 hr 22 mns 10 EXAMPLE 2 The sane anmount of SVO was
added to the reaction tank and the SVO was heated to 15 the sane
tenperature as described in Exanple 1. Wile the SVO was heated, the SVO

' [ stirrer. The sanme anopunt of al cohol/catalyst m x was then
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stirring until all "the alcohol/catalyst mx was a

reaction @@eveonpl eted. As the 20 reaction progresses, glycerol and

bi odi esel were produced. The glycerol settled at the bottom of the reaction
tank, formng a | ower phase conprised of glycerol and an upper phase
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shown in Tabl e LE 3 Results SVO to Methanol Mol ar Ratio

1 5.5 : %Oﬂea“?thﬁrﬁ%c?’&Q%W fopthasalalvekel to separate (WIthOUt aer atlon)
overnlght

10  The method of this invention increases the efficiency of converting vegetable oil or
animal fat into alkyl ester (or biodiesel) and also reduces the processing time (as both
the reaction time and settling time are reduced), costs and energy.

The invention will be further described in the following example embodiments of the
15  invention, which do not limit the scope of the invention as set forth in claims.

EXAMPLE 1

11 L of straight vegetable oil (SVO) was added to the reaction tank. The SVO was
20  heated to a temperature between 55°C and 65°C, and the temperature was
maintained at this level throughout the reaction. While the SVO was heated, air
bubbles were introduced into the reaction tank through an aerator provided at the
bottom of the reaction tank. An alcohol/catalyst mix was added to the SVO at a
controlled rate to form a reaction mixture while the SVO continued to be agitated by
25  the air bubbling and heat. The alcohol/catalyst mix was pre-prepared by dissolving
approximately 39.5774 g of sodium hydroxide in approximately 2.226 1. of methanol to
form an alcohol/catalyst mix containing sodium methoxide and methanol. As the
alcohol/catalyst mix was added to the SVO, transesterification reaction began. The
reaction continued with continuous introduction of the air bubbles into the reaction
30 mixture. As the reaction progresses, glycerol and biodiesel were produced. The
glycerol settied at the bottom of the reaction tank, forming a lower phase comprised of
glycerol and an upper phase comprised of biodiesel. The phase separation process
and the air bubbling continued until all the alcohol/catalyst mix was added to the SVO
and the reaction was completed. The total time taken for the biodiesel to separate



overni ght overni ght overnight EXAVMPLE 3 5 The sanme nethod as described in
Exanple 1 was used in this Exanple except that 11 L of waste cooking oil
(WCO), about 2.079 L of methanol and about 55.02 g (or 0.2583 L) of sodium

separ at e fEhhEcH b Eiin, W8 ABBmBISIY o R 2r st Ao Ting e 1
fromthe tldohol/bstaBbtobolis atiaéd &t theiv@as added to the WCO. Ot her rati os

of WCO and net hanol were also tested and the results are as shown in Tabl es
4 and 5. TABLE 4 Vol une of reactants (L) WCO to Met hanol Mdlar Ratio 4.5:1

5.0 1 1 5.(hher fat®s®f thd SWEPaAd nddthddolMere also tested and the results are as shown
5 inTables 1 and 2.

TABLE 1

Volume of reactants SVO to Methanol Molar Ratio

(L) 4.5:1 50:1 556:1 6.0:1
SVO 11 11 11 11
Methano! 2.226 2.473 2.720 2.968
Sodium hydroxide 0.01858 0.01858 0.01858 0.01858
Total volume 13.24 13.49 13.74 13.99

TABLE 2
Results SVO to Methanol Molar Ratio
4.5:1 50:1 55:1 6.0: 1

Time taken for biodiesel to 1hr 1hr 1hr 1hr
separate (with aeration) 25 mins 4 mins 15 mins 22 mins

10

EXAMPLE 2

The same amount of SVO was added to the reaction tank and the SVO was heated to
15 the same temperature as described in Example 1. While the SVO was heated, the
SVO was mixed using a stirrer. The same amount of alcohol/catalyst mix was then
added to the SVO at the same controlled rate while the SVO continued to be agitated
by the stirrer and heat. The reaction continued with continuous stirring until all the
alcohol/catalyst mix was added to the SVO and the reaction was completed. As the
20 reaction progresses, glycerol and biodiesel were produced. The glycerol settled at the
bottom of the reaction tank, forming a lower phase comprised of glycerol and an upper
phase comprised of biodiesel. In this example, the total time taken for the biodiesel to
separate from the reaction mixture was approximately 8 hours (overnight}), from the
time the alcohol/catalyst mix was added to the SVO. Other ratios of SVO and

25 methanol were also {ested and the results are as shown in Table 3.

10



2.079 2.310 2.542 2.773 Sodi um hydroxi de 0.2583 0.2583 0.2583

(I\)/?tzgggo[mt al volume 13.1 13.6 13.8 14.0 15TABLES Results WO to Met hanol
Mol ar Ratio 4.5:15.0: 15.5: 1
TABLE 3
Results SVO to Methanol Molar Ratio
4.5:1 5.0:1 55:1 6.0:1
Time taken for biodiesel to
overnight overnight overnight overnight
separate (without aeration)
EXAMPLE 3
5
The same method as described in Example 1 was used in this Example except that
11 L of waste cooking oil (WCO), about 2.079 L of methanol and about 55.02 g (or
0.2583 L) of sodium hydroxide were used instead. The total time taken for the
biodiesel to separate from the reaction mixture was approximately 2 hours 15 minutes,
10  from the time the alcohol/catalyst mix was added to the WCO. Other ratios of WCO
and methanol were also tested and the results are as shown in Tables 4 and 5.
TABLE 4
Volume of reactants WCO to Methanol Molar Ratio
(L) 4.5:1 5.0:1 55:1 6.0:1
WCO 11 11 11 11
Methanol 2.079 2.310 2.542 2773
Sodium hydroxide 0.2583 0.2583 0.2583 0.2583
Total volume 13.1 13.6 13.8 14.0
15 TABLE 5
Results WCO to Methanol Molar Ratio
4.5:1 50:1 5.5:1 6.0: 1
Time taken for biodiesel to 2hrs 2hrs 1hr 1 hr
separate (with aeration) 15 mins 8 mins 57 mins 45 mins
EXAMPLE 4
The same method as described in Example 2 was used in this Example except that 11
20 L of waste cooking oil (WCO), about 2.079 L of methano! and about 55.02 g (or 0.2583

L) of sodium hydroxide were used instead. The WCO and the alcohol/catalyst mix

11



6.0 : 1 Tine taken for biodiesel to separate (with aeration) 2 hrs 15 mns
2 hrs 8 mns 1 hr 57 mins 1 hr 45 mns EXAWLE 4 The sane nethod as
described in Exanple 2 was used in this Exanple except that 11 20 L of
wast e cookidg fidhd (4 H 112402 Sxbnifie, 'TRE N8P iR iR AUE 1R5LRdickef &
0. 2583 L) ‘%\6&{}95@?&%9%%\9%?5% e were usxe ieristead. 'Il[{%nV\CO and the 1ese

al cohol / csephspde fronx theveeastion xeituwrgiwips approxinnately 8 hauins $overaigptle fromhéhe

total tine taken [ i odi. r j m react.i 1 Xt

was. ppr o3Mead i FShRliRaRE0HF Y5, posF 8! AW QLT blifer” BRGKI SIWES HIE,
m x was agekstbHanha wdre alWoQestadnm d thatressitsodre\WSGHamah inEfdibden 6l were al so tested
and the results are as shown in Table 6. 5 TABLE 6 Results WCO to Met hanol

Mbl ar tio 4.5:1

TABLE 6 _
WCO to Methano! Molar Ratio
4.5:1 5.0:1 55:1 6.0:1

Results

Time taken for biodiesel to . ) . .
overnight overnight overnight overnight

separate {without aeration)

The above is a description of the subject matter the inventor regards as the invention
10 and is believed that others can and will design alternative systems that include this

invention based on the above disclosure.

12



5,0: 155: 16.0: 1 Tinme taken for biodiesel to separate (w thout
aeration) overnight overnight overni ght overnight The above is a
description of the subject nmatter the inventor regards as the invention
10and is believed that others can and will design alternative systens that
i ncl ude t¢lagmgnventi on based on the above disclosure. Cainms 1. A nethod
for producing biodiesel, the nethod conprising: feeding an oil source into

a reaction tank; 5subjecting the oil source to heat; i ntroducing air
bubbles into Wﬁqétﬁ&?idr??odt%% lﬁbdlésélr%%éﬂﬁﬂ%%ﬂr%% through an aerator
di sposed at | ower end of the reaction tank I ntroduci ng an

al cohol / cat al yfgedsnmmmkwwmintceaé@acélﬁnttamk at a predeternmined rate to form
a reagtion mxstdg’ biTkbikB% hBg: reaction nixture to separate into an
I dRroILES

upper phase of a | ower 'phase conprised of glycerol; and
recovering thentbdutiirgalr l:fubtbiast ihto thearsiaicion tankkat 2 pradﬁéemﬂmnﬁ@da*&ctbmuﬂMQ to

claim1, %ﬁ%{?iﬂ%@?ﬁﬁsgﬁ :at E"ﬁ{b)eg:eﬁéoif%é Pe%'éﬁgﬁjtd.n% o the 15reaction tank forma

stream of
introducing an alcohol/catalyst mix into the reaction tank at a predetermined

rate to form a reaction mixture;
10 permitting the reaction mixture to separate into an upper phase of biodiesel and
a lower phase comprised of glycerol; and
recovering the biodiesel from the reaction tank.

2. The method according to claim 1, wherein the air bubbles introduced into the
15 reaction tank form a stream of individual air bubbles.

3. The method of claim 2 wherein the stream of individual air bubbles circulates
inside the reaction tank.

20 4. The method according to claim 2 wherein the alcohol/catalyst mix is introduced
into the reaction tank at a point proximate the stream of individua! air bubbles.

5. The method according to claim 1, wherein the rate at which the alcohol/catalyst
mix is introduced into the reaction tank increases as the temperature of the oil source
25  increases from room temperature to between 55°C and 65°C.

6. The method according to claim 1, wherein the alcohol/catalyst mix is introduced
into the reaction tank through an inlet provided at an upper end of the reaction tank.

30 7. The method according to claim 1, wherein the steps of subjecting the oil source

to heat and introducing the air bubbles into the reaction tank at the predetermined rate

occur simultaneously.

13



3. The method of claim2 wherein the stream of individual air bubbles
circulates inside the reaction tank. 204. The nethod according to claim?2
wherein the al cohol/catalyst mx is introduced into the reaction tank at a

poi nt proxi mate the stream of individual air bubbles. 5. The net hod
accordinggto cfr melhod/\él@fcﬁdiﬂgtt@‘élaﬁﬁtﬁ vaterdini tad slteﬂfs @ﬂ lﬁﬁb@udiﬁ@t’ammﬁbldﬁ X is
introduced into the reaction tank i ncreases as the nperature of the oil
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met hod a%&rlﬂforlﬁetré’a&iloﬁ'tghl@at W@?ff@d&emﬁeélrﬁ@%Eﬁﬁﬁﬁﬁkt&ﬁéod@iy( i s introduced

into the reaction tank through an inlet provided at an upper end of the
reaction tank. 307.The net hod accordl ng to claiml, wherein the steps of
subj egt i th SHUY & t he
react |%on ankeg?ét Se pre O%de%r]% ﬁ'ﬁlgt !gﬂ%l(r:egﬁ#%s%}%ﬂ tB gﬁl%dédﬁ‘yt}%gﬁ'?ﬁgk%eth d
accor di ngot leat) eultrndac;mgmm almbmbi:éeslré@ﬂh@ﬁeammnddnls|a’agha|med!ntbtmeed|rateo t he

i Kk h
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si mul tan%t@bmur&%m{meﬁaémod according to cI al m 1, wherein the steps of

subjecting the oil source to heat, introducing the air bubbles into the
reaction tank at the predeterm ned rate and introducing the

al cohol / cgd.al ype memddﬁ&ofrmg E@@lﬁ&h@nf&mekc@h’aﬁ@ﬁgpredeterm ned rate occur
si mul t aneously. 1010. The net hod accord % to claim1, further conprising:
o

adj usting t he liagingetie BRCemenhef Mo retaiontn dspesitinn abeve e doweuehasshase
11. Th hod
conpr i s eC o lat oefi alsl1fic FéEbh AixiEabeffafBpar at es. e metho

according to ereln air es are introduced into 15the
reaction tank continuously until the biodiesel is recovered. 12. The

The react | bn t Jkrbiiad Bkl ot o Gr RIS bf hBhsiedbfbodeinld o™
any riémai thengactmhahuis tontaluoablgluntibihgdesdiésel idreeosesd. wat er. 20 13. The

met hod according to claim1l, wherein the oil source is selected fromthe
group conprising vegetable oils, waste vegetable oils and animal fats. 14.

The net hoth accoighidghddPasdariiiy 1to ciier £ whdrbm hetrabywdringSofahé eiddwskdl Frem t he
25group conpri si_.ng sodi um hydroxi de and pot assi um hydroxi de. 15. The

ot hod acds HacOR oiaBk aAIUEEs vHENG ¥ dayicgnel the Riedieetlel MPBRVE &MY oup
conmpri si nenHhiRgeatatyst 4188, oI ERBRHY excBBE watdier monoal kyl - al cohol s.

20
13. The method according to claim 1, wherein the oil source is selected from the

group comprising vegetable oils, waste vegetable oils and animal fats.

14.  The method according to claim 1, wherein the catalyst is selected from the

25  group comprising sodium hydroxide and potassium hydroxide.

16.  The method according to claim 1, wherein the alcohol is selected from the
group comprising methanol, ethanol, propanol, and other monoalkyl alcohols.

14



